(19) 



European Patent Office 
Office europtendes brevets 



(11) 



EP 1 041 160 A1 



(12) 



EUROPEAN PATENT APPUCAHON 

puUshed in aooordanoe with Art 158(3) EPC 



(43) DaleofpubKcation: 

04.10.2000 Builaan 2000/40 

(21) Application number: 9893S298.4 

(22) Date offing: 30.07.1998 



(51) inLa7:C12Q1/68. C12N 15/11, 
CI 2M 1/32, Q01N 33/58 

(86) Intemalionai appHcation nunt)er: 
l>CT/JP9eA)3413 

(87) international put)lication number: 

WO 99/06891 (11J)2.1999 Gazette 1999/06) 



(84) Designated Contracting States: 


(72) Inventor: 


CHDEFRGBUSE 


HAYASHIZAKI, Y., 




The InsL of Pliyslcal Chend. Res. 


(30) Priority: 31^.1997 JP 20660297 


Tsukuba-sM, Ibaraid 30M074 (JP) 


(71) Applicants: 


(74) Representative: 


• THE INSHTUTE OF PHYSICAL & CHEMICAL 


Godenwyer, Itiomas, Dr. et al 


RESEARCH 


Stemagei, Helscher, Godemeyer & Partner 


wsko-shl, Sanama 351-019B (JP) 


Patentanwfilte 


• Hayashizald, Yoshltilde 


Posttach1107 


Tsukuba^, Ibarakl 305-0074 (JP) 


51482 Overatli(DE) 



(54) METHODS FOR DETECTINQ MUTATION IN BASE SEQUENCE 

(57) Disclosed are methods for detecting a nucleic 
acid fragnrtent and/br PNA fragment having a mutation, 
which perfbrms the detection by k>inding a labeled 8ut>- 
stance specifically binding to a mismatched base pair 
such as Mut S to a mismatched base pair produced by 
hybridization of a fragment of nucleic add or the like 
fixed on a substrate and a nucleic acid fragment or the 
like of which nutatkm should be assayed, and identify- 
ing a fragment bound by the substance; methods for 
detecting a nudeic add fragment and/or PNA fragment 
having a mutation, which performs the detection by 
treating a mismatched base pair produced between the 
hybridized fragments wHh a substance spedfkally rec- 
ognizing and deaving a mismatched base pair instead 
of the sut)6tance specifically binding to a mismatched 
base pair to deave or renwve the fragments hyt^rkSzed 
from the mismatched base pair, iak)eling a fragment 
remained on the substrate after the deavage or 
removal, and detecting the labeled fragment; and 
labeled substances specifically bindaUe to a mis- 
matched base pair such as Mut S labeled wHh GFP. 
According to the present invention, it is possible to 
simultaneously detect structural mutations in a plurality 
of genes, in particular, it is possible to detect the struc- 
tural mutations while sinultaneously moniloring expres- 
sion levels thereof. 
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Dsscilption 

Raid of the Invention 

5 [0001] The present invention relates to a method for detecting nuitations (nucleotide substitutions) existing in nucle- 
otide sequences by detecthg mismatched base pairs. The present invention further relates to a method for detecting 
mutations existing in nucleotide sequences which can simultaneously detect expression level of genes having the nuta- 
tions. 

10 Background Art 

[0002] In the medical and t>iological f ieids. methods for detecting genetic expression levels and nuitations thereof 
are important methods that are very frequently used in identification of unknown genes and diagnosis of diseases. The 
methods for detecting expressed genes can be roughly classified into two categories. One includes methods utilizing 
IS visualization of cDNA. and the other one includes nrucroarray methods where cDNAs alreacly isolated in genome anal- 
ysis are attached on a substrate, and detectfon is performed by hybrMizatfon. 

[0003] As for the first group, the cDNA visualizatfon methods, there have been reported several method such as the 
differential display method (Liang. P. and Pardee. A. Science 257, 967-971). the molecular indexing method (Bemner. 
S. and Livak. KJ. Proc. Natl. Acad. Sci. USA. 86. 8902-8906 (1989)). and RLCS (restrfotfon landmark cDNA scanning 

20 (Suzuki, IH. et al. Nucleic Add Re& 24, 289-294 (1 996)). Because DNA fragments are separated and detected by elec- 
trophoresis in these methods, nucleotide substitutions on the DNA fragments can be detected during the separatfon by 
using the SSCP method (Orita, M. et al. K Genomk^s 5, 874^79 (1989)). DQQE method (Denaturing Gradient Gel 
Electrophoresis, Myers. R. M. et al. Method Enzymol. 155. 501-517 (1987)) and the like. In other words, polymorphisnrs 
of DNA can be detected, and used for the linkage analysis, direct detection of mutations and the like. 

25 [0004] On the other hand, with recent rapkJ progress off genome science, a large amount of cDNA (EST) have been 
isolated at all stages Including developmental stage and from an tissues, and tiien' nucleotide sequences have been 
determined, though they are partial sequences. Furtiiermore. structures of full length genes are recentiy being deter- 
mined by using full length cDNA libraries, and accumulated in the form of data bank and done bank. There has been 
reported a mefliod called cDNA micioanfay expressfon monitoring (Schena, M. et al. Proc. Nati. Acad. Sd. USA, 93, 

30 1 0614-1 0619 (199Q). which utilizes ttie large amount of dones obtained from such cDNA proiects as mentioned above. 
In tills metiiod, expression of genes conresponding to the dones mentioned above is detected based on hybridization 
between cDNA fixed on a substrate and a probe comprising mRNA obtained from a spedmen and labeled tiirough 
reverse transcription. This metiiod enables assay for all of tiie isolated cDNA (EST), and it can determine all of the iso- 
lated DNA fragments (cDNA (EST)), even though ttie sizes of genome information and genome bank are expanded. In 

35 addition, because this method does not rdy on PGR, signal intensity corresponds to genetic expression level. 

[0005] Among tiie methods of the two groups mentioned above, the cDNA visualization metiiods have tiie following 
drawbacks. That is. information about which signal visualized by these metiiods correspond to which gene has not been 
suff kxentiy established, and ttierefore. when an interesting signal is detected, a DNA fragment corresponding to ttie sig- 
nal must be isolated and cdlected. Furttiermore. their sensitivity, i.e., detectable level of expressed genes, depends on 

40 the principle of each metiiod. In particular, as for those methods utilizing PGR such as ttie differential display mettiod 
and the mdecular indexing metiiod. the detection of expressed level is biased by PGR. and sequences expressed in a 
small amount may not be detected, though tiiey exhibit good sensitivity Thus, they cannot accurately nfK>nitor the 
expressed amounts. On ttie otiier hand, in the metiiods not utilizing PGR such as ttie RLG8 mettiod. the e)q3ression 
level is monitored by ttie intensity of signals, but it cannot be oonsMered that all of genes are detected as signals. 

45 because of their poor sensitivity. 

[0006] Further, the mk^roarray hybridization mettiod has a drawback that it canrK>t detect small differences of nude- 
otide sequences such as point mutations because it detects signals by hybridization. 

[0007] Therefore, the object of tiie present invention is to provMe a metiiod capakile of detecting structural nuta- 
tions in a plurality of genes in parallel, in particular, a mettiod capable of detecting stiuctural mutations whiTe dmultane- 
50 ously monitoring their expressfon levels, by utilizing the accumulating goiome information, and the resources of 
genomic done& If the monitoring of expression level and the detection of structural mutations (nudeotide substitutions) 
oouU be peribrmed simultaneously, in which genes the structural mutations (nudeotide substitutions) occur can be 
quickly determined by using known genome information. 

[0008] A furttier object of ttie present invention is to provkJe reagents and apparatuses used for the aforementioned 
55 method. 
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SvffnmfflrYOfthe Inventfen 

[0009] The present invention relates to a method for detecting a nucleic add firagment and/or PNA fragment having 
a mutation, which comprises 

(A) a step of hytiridizing at least one fragment among one or more fragments fixed on a substrate, which fragments 
are selected from the group consisting of one or more nucleic add fragments and one or more PNA fragments, with 
at least one fragment of which mutation is to be assayed, which fragment is selected from the group consisting of 
one or more nudeic add fragments and one or more PNA fragments; 

(B) a step of binding a labeled substance, which is a substance specifically binding to a mismatched base pair, to 
a mi s m a tc h ed base pair occuning between the hybridized fragmcNfUs; and 

(C) a step of identifying a fragment bound by the substance by detecting the label (referred to as the *Yirst detection 
method" hereinafter). 

[001 0] The present invention frjrther relates to a method for detecting a nudeic add fragment and/or PNA fragment 
having a mutation, which comprises 

(A) a st^ of hyt>rldizing at least one fragment among one or more fragments fixed on a sut)sfrate. which fragments 
are selected from the group consisting of one or more rujdeic add fragments and one or more PNA frnagments, with 
at least one fragment of which mutation is to be assayed, which fragment is selected from the group consisting of 
one or more nudeic add fragments arxi one or more PNA fragments; 

(D) a step of treating a mismatched t>ase pair occurring k)etween the hyt)ridized fragments with a substance spe- 
cifically recognizing and deaving the mismatched base pair to cut the hybridized fragments at the mismatched 
base pair, or to remove at least a part of one strand of the hybridized fr mismalched base 
pair; 

(E) a step of labeling a fragment remained on the substrate after the deavage or the removal; and 

(F) a step of identifying the Idaeled fragment by detecting the label (referred to as the "second detection method" 
hereinafter). 

[0011] The present invention also relates to a substance spedficaliy bindable to a mismalched base pair charac- 
terized in that it is labeled. 

[001 2] The present invention furttier rdates to an artide characterized in tiiat it comprises a sulistrate on which sur- 
face one or more kinds of RNA fragments or PNA fragments are fixed in a hybridizable condition. 

Brief Description of the Drawings 

10013] 

Figure 1 outiines the method for construction of Mut S-QFP fusion protein expression plasmid. 
Figure 2 shows the result of autoradiography of the DNA chip obtained in Exeunple 3. 

Modes for carrvinQ out the Invention 

[0014] The present invention will be detailed hereinafter. 

Step (A) 

[001 SI Botti of the first and second detection mettiods of the present invention utilize "a substrate on which one or 
more fragments selected from the group consisting of one or more nudeic add fragments and one or more PUA frag- 
ments are fixed". The aforementioned nudeic add fragments include DNA fragments and RNA fragments, and the frag- 
ments to be fixed on the substrate may be a single (one) nucleic add fragment or a single (one) PNA fragment A 
plurality of nudeic add fragments and^or PfsiA fragments may also be fixed on the substrate, and in such a case the 
fragments to be fixed on the substrate may be two or more kinds of DNA fragments, RNA frnagments or PNA fragments 
different in tiieir sequences andAv chain lengths. Further, they may t>e present on the substrate in a oonri)ination of 
DNA fragments and RNA fragments. DNA fragments and PNA fragments, RNA fragments and PNA fragments, or DNA 
fragments and RNA fragm^its and PNA fragments, and in such a case tiie fragments may be those different in their 
sequences and/br chain lengths. 

[0016] The frfagments to be fixed on the substrate such as Df^ fragments. RfsIA fragments and PNA fragment are 
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not partkxilarty limited so long as are molecules having a nucleotide sequenca The target DNA is also not partic- 
ularly limited, and may be either cDNA, which is a genetic transcript, or a genome DNA. It may be a DNA Uragment hav- 
ing a part or all of fiilllength cDNAofgene. 

[0017] An article comprising a sut)8trate on which DNA fragments are fixed has been known as, for example, a DNA 
5 chip. Microarray chips on which cDNA are fixed, and nrathods for measuring expression levels of transcription products 
utilizing them have already been known. The method of the present invention is characterized in that it simultaneously 
detects expression levels of transcription products, whidi are detected by the microarray cftip, and expression levels of 
the mismatched base pairs, which cannot t>e detected by the measurement method utilizing the microanay chip. As will 
be described hereinafter, information of the both can be otstained simultaneously by measuring the expression level of 
10 mismatched basB pairs with a signal different from the signals for measuring eofvession levels of transcription products. 
[0018] More specifically, the nucleic acid material to be fixed on the substrate may be. for example, full length 
cDNA, EST (part of cDNA), genome DNA or the like, and they can be prepared by using taiown methods. Examples of 
the genome DNA include plasnrvds, phages, PAC, BAG. YAC and the like. 

[0019] The aforementioned full length cDNA, EST. genome DNA and the like can be OJt out and fixed on the sut>- 
16 strate by a known method. In particular, thay are preferably fixed on the substrate at their single point such as 3* or 5* 
end 80 that their whole nucleotide sequences shouM not be fixed. This provMes an advantage that it can be easily 
detected because the hybridized portion will be separated away from the substrate. Specif k»lly, DNA is preferably f ixed 
by. for example, a covalent bond (for example, by the methods of Chrisey, LA. et al. Nucleic Acid Res. 24, 3031-3039 
(1996), and Tlmoffev. E.N. et al. Nucleic Add Re& 24, 3142-3148 (1996)), but the means fbr fixing is not partteularty 
20 limited. 

[0020] Any articles on which one or more RNA fragments or PNA fi^gmenls are fixed in a hybridizable concfition on 
the surface of the substrate have never been known so far, and such articles fall within the scope of the present inven- 
tkxi. The aforementioned RNA fragments or PNA fragments are fixed to the substrate by binding them to the 8ut)strate 
only at the 5* or 3' end, and as a result Ihey are fixed in a hytxidizable condition. The fixation of the fragments to the 
2S substrate can be obtained by, for example, a oovalent bond formed through a chemical reaction of a reactive group such 
as hydrcxyl group present on the substrate with an end of the RNA fragments or PNA fragments chenticaOy modified if 
necessary. The material and the size of the substrate is not particuiarty limited, and they can be in the fbnm of chip, filter 
or the like considering ease of the operation. 

[0021] According to the method of the present invention, a plurality of nucleic add fragments and/or PNA fragments 
30 Of which sequences have been known are fixed on one substrate, thereby providing an advantage that mutations in 
nudeic add fragments and/br PNA fragments having d'rff^ent sequences can be detected simultaneously On paralleQ. 
TTie number of the fragments to fc>e fixed is not particulariy limited. 

[0022] On the other hand, the fragment which is assayed for mutalfons is at least one kind of fragment which is 
selected from the group consisting of one a rnore kinds of nuddc ackJ fragments and 

35 ments. The fragment which is assayed fbr mutations may also be a single (one) nudeic add fragment or a single (one) 
PNA fragment like the fragments fixed on the substrata It also may consists of a plurality of nudek; add fragments or 
PNA fragments. In such a case, they may be two or wore kinds of DNA fragments. RNA fragments or PNA fragments 
different in their sequences and/or chain lengths. Further, they may be present in a coiit)ination of DNA fragments and 
RNA fragments, DNA fragments and Pf^ fragments, RNA fragments and PNA fragmentSi or DNA fragments and RNA 

40 fragments and PNA fragments, and in such a case the fragments may be those different in their sequences and/dr chain 
lengths. 

[0023] The fragment to be assayed for mutations (probe) may be. but not linvted to. mRNA and cDNA, which are 

genetic transcription products, genome DNA, RNA and/or PNA transcribed in vitro (in vitro transaiption). 

[0024] For example, when the fragment of which mulatfons and expression level shoukJ be detected is a cDNA frag- 

45 ment. mRNA can be isolated from an expression tissue at an intended expression stage, and a label can be introduced 
into the first cDNA full length chain Isy the method for synthesizing a first full length cDNA chain. The label of the frag- 
ments to be hybridized can t>e fluorescent, phosphorescent, luminescent sutjstances. stable isotopes, radioactive sub- 
stances and the like as described hereinafter. H is desirable, however, to use a label substance different from those of 
the substance recognizing mism a tc h ed base pairs and a labeling method descritied hereinafter, because e^vession 

50 level and mismatched base pairs can be simultaneously detected by doing so. A labeled probe is prepared and reacted 
with a substrate on which nude» add is fixed to prepare a hybridized molecule. The labeling can be perfonned by using 
fluorescent materials (rtiodamine or fluorescein compounds), or radioactive isotopes such as ^P and ^ kyy a known 
method. 

[0025] The hybridizatfon of the fragments fixed on the substrate and the fragment to be assayed fbr mutations can 
55 be performed in a oonventfonal manner. 
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Step(B) 

[0026] In the step (B) of ttie first detection method of the present invention, a labeled sut>8tEUiGe which specifically 
binds to a mismatched base pair is txnmd to the mi sma t ch ed base pairs occurring t)etween the hybridized fiagments 
s produced in the above step (A). 

[0027] The fragment to be assayed Ibr mutations is hybridized with a fragment having a sequence exhibiting high 
homology to said fragment anfK>ng the fragments fixed on the substrate. When a t>ase substitution (mutation) Is present 
in the fragment which should be assayed for nrKjtations, a mismatched base pair is produced k>etween the hybridized 
fragments. 

10 [0028] In the step (B), a labeled substance which specifically binds to a mismatched base pair is bound to the mis- 
matched base pair. Examples of the "Substance which specif icaJiy k)ind8 to a mismatched base pair" include, for exam- 
ple, mismatch binding proteins. Examples of the mismatch t)inding proteins include, for example, mismatch txrxiing 
proteins derived from microorganisms such as E. odi and yeast and mismatch binding proteirs derived from animals 
such as human. Specifically, as the mismatch binding protein derived from E. coll, Mut S protein arxj analogues thereof 

75 can be exemplified, and as such analogues, mismatch binding proteins derived from S. cerevisiae (yeast), MSH1 and 
M8H2, a mismatch t)inding protein derived from human, hMSH2 and the like can t>e mentioned. As mismatch binding 
proteins derived from Schizosaccharomyces. the C/C mismatch binding proteins described below can be mentioned. 
[0029] Mut S is one of a series of proteins restoring replication mistakes of E. coli. and It specifically recognizes a 
portion of mismatched base pair and binds to it (Su, S-S. et al., Proc. Natl. Acad. Sd. USA, Vol. 83, pp.5057-5061 

so (1 986)). Examples of analogues of the Mut S protein other than those mentioned above include, for example, the mis- 
match binding protein having T/Q binding activity derived from Schizosaccharomyces de8crit>ed in Reck, O. et al. 
Nucleic Adds Res.. 1994. Vol. 22. No. 24, 5289-5295. This protein also has T/C. C/T. T/T. T/-. A/-, CA. Of-, G/G. A/A, 
A/C, A/G, QfT, Q/A and C/A txnding activities in cddition to the T/G binding activity Examples of the C/C mismatch bind- 
ing protein include, for example, the mismatch binding protein having C/C binding activity derived from Schizosaccha- 

25 romyces described in RecK O. et al. Nucleic Acids Res.. 1994, Vd. 22, No. 24, 5289-5295. This protein also has T/C. 
C/T, C/A, A/C. and C/- activity in addition to the C/C binding activity. 

[0030] It has been known that the binding affinity of mismertch binding proteins may vary depending on the kind of 
mismatched base pairs. For example, the Mut S protein readily detect G/T mismatches or G/A mismatches, but its tend- 
ing affinity for, in particular, C/C mismatches is weaK and hence it may overlook such mismatches. On the other hand. 

30 the C/C mismatch binding protein exhitxts strong binding affinity for C/C misrratches in contrary, and ther^e all of sin- 
gle base mismatches can suff idently be detected basically with these k)oth types of enzymes. 
[0031 ] The aforementioned 8uk)Stance specifically binding to mismatched base pairs is further labded with at least 
one kind of substance selected from, for example, the group consisting of luminescent protdns, phosphorescent pro- 
teins, fluorescent proteins, luminescent substances, fluorescent sut>stances, phosphorescent substances, stable iso- 

ss topes, radioactive substances, antitxxJies, cuitigens, enzymes and protdns. Examples of the luminescent proteins 
indude QRP (Green Ruorescence Protein). As an example of the antibodies, an anti-Mut S antibody can be mentioned 
for the Mut S protdn. Examples of the antigens (antigen tags) indude His tag, thloredaxin tag. HA (hemagglutination) 
tag, myc tag and the like. For thloredaxin tag, an anti-thk)redoxin antibody can be used, and for anti-HA and an anti-myc 
antibodies can be used for HA tag and myc tag, respectively. For tnotin. (8trept)avidin can be mentioned as the protdn. 

40 Examples of tiie enzymes indude alkaline phosphatase, luciferase, aequorin and the like. 

[0032] The method for the labding can suitably be selected depending on tiie kind of lat)els. For example, when the 
label substance is a luminescent protdn, phosphorescent protdn, fluorescent protdn. enzyme, protein or the like, the 
label substance can be used as a fusion protein. When the labd sUbstance is a fluorescent substance, phosphorescent 
substance, stable isotope, radioactive sut)6tance, antibody, antigen or the like, the label can be attached by a known 

45 chentical reaction or enzyme reaction. 

[0033] The luminescent protdn. Green Fluorescence Protein (GFP), is a sut>stance that emits luminescence with 
consumption of ATP by itself witfiout requiring any auxiliary sut)stance. While this is a protdn having a relatively large 
mdecular weight of 25 kDa, the gene for Mut S and a cocton frame can be ligated together to produce a fusion protdn, 
which then can t>e used for detection of mis ma t c hed base pairs based on luminescence. Such a f udon protdn is very 

so useful for detecting mismatched k>ase pdr dtes, arxJ its use is not limited to the use on microchips. 

[0034] The "labded substances specifically kunding to a mismatched base pair fell witiiin the scope of tiie present 
tnventkm. 

Step(C) 

59 

[0035] In the step (C) of the first detection metiiod of the present invention, fragments bound by the sdsstance hav- 
ing the label are identified by detecting tiie labd. The metiiod for detecting the lat)d can be suitably sdected depending 
on ttie kind of the labd. Fbr example, when the labd is a luminescent protdn, phosphorescent protdn, fluorescent pro- 
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ton. lumindscent substance, fluorescent substance, phosphorescent substance or the like, luminescence, fluorescence 
or phosphorescence is detected by a suitable detector. When the label is a stable isotope, radioactive material or the 
lil<e, radiation dose can be detected by any suitable means. When the label Is an antibody or antigen, detection is per- 
formed by using an antigen or BJti&xxfy. When biotin is used. It can be detected by using avidin. When the label is an 
5 enzyme, a luminescent substance can be produced as a reaction product by selecting a suitable substrate. As the sub- 
strale, for example, a chemfiunvnesoent substrate having a suitable chemilumlnescent group (ag.. chlorine-substHuted 
1 .2-dioxBtane) can be mentioned for alkaline phosphatase, and luciferin for luciferase. 

[0036] In the first detection method of the present invention, a fragment bound by the substance specifically binding 
to mismatched basB pairs can be identified as a fragnient having a mismatched base pair by detecting the lat>el. 
10 [0037] Further, the first detectton method of the present invention enables quantification of a fragment having a mis- 
matched base pair In addition to the klentif teation thereof by introducing a label Into a nucleic add and/or PNA fragment 
to be assayed fdr mutatkNis, and detecb'ng the label of the nucleic acM and/br PNA fragment to be assayed for muta- 
tfons. 

10038] The label to be attached to the nudeic add and/or PNA fragment to be assayed for mutations may be at least 
IS one selected from, for example, the group consisting of lumniescent substances, fluorescent substances, phosphaes- 
cent substances, stable isotopes, radk>active substances, antibodies, antigens^ enzymes and proteins. Specific exam- 
ples thereof are substances similar to those mentk>ned in the explanation of the substance spedfk»lly binding to 
mismatched base pairs. 

[0039] Furthermore, the quantificatkNi and identification of the fragment having a mismatched base pair can be 

20 simultaneously peridrmed by using a suk>stance that produces a signal different from that produced by the label 
attached to the substance specifically binding to mismatched base pairs as the label introduced into the nudeic add 
and/or PNA fragment to be assayed for mutattons. That is. the ratio of the molecules having a mismatched base pair 
contained in the hyt>ridized fragments can be calculated from the result of determination of expression level of the 
nudeic add and/or PNA fragment to t>e assayed for mutations and the results of the identification and quantification of 

ss the fragment having a mismatched base pair, that can be obtained simultaneously. More specifically, intensity of signal 
(e.g., light emissfon Intensity) obtained from the label introduced into the nudeto add and^ PIMA fragment to be 
assayed for mutations, and intensity of signal (e.g., light emission intensity) otitained from the label introduced into the 
substance spedfk»lly binding to a mismatched base pair can be measured, and compared with preliminarily deter- 
mined calibration carves respectively to determine the expression level of the nudeic add to be assayed for mutations 

30 when it is a gene and to qualify the ratio of the fragment having a mismatched bass pair. 

[0040] Mismatched k>a8e pairs of the hybrid molecules formed on the substrate are detected Isy using a substance 
specif cally binding to a nvsmatched base pair lat)eled with a substance different from that of the probe. For example, 
Mut S is labeled with GFP. and the probe is labeled with a different fluorescent substance. In such a case, the signal 
under non-exdtatfon oonditfon Is the eigne! of Mut S, and the signal under an ex^ 

35 the signal fluorescence of the label of the probe and the luminescent signal of QFP. Further, H the range of the fluores- 
cence wavelength of the fluorescent substance is different from that of the visible light of GFP, their intensity ratio can 
be determined by spectrophotometry. 

[0041] The signal intensity of mismatched base pairs varies with their expression frequency in the whole cDNA 
(transcript to be assayed. However, according to the method of the present inventkm, the expression level and the sig- 
40 nal of mismatched base pairs can be simultaneously measured on the same substrate, and therefore point mutations 
can be surely detected by cakxilating their ratio. 

[0042] In particular, when a full length cDNA is fixed on the sut>strate, any mutations can be detected wherever they 
may be present in the transcription unit, and therefore it may be an extremely effective means for searching for genes 
responsible for specific phenotypes and detecting mutations in cancer. Further, such in f orma tion of mismatched base 
45 pairs may be conskJered as polymorphism of genetic nudeotxJe sequences (induding ntutations on the responsible 
genes), and may be utilized for family analysis of higher animals and plants through linkage analysis. 

Step(D) 

50 [0043] In the step (D) of the second detection method of the present invention, a mismatched base pair occuning 
between the hybridized fragments is treated with a substance specifically recognizing and deaving the mismatched 
base pair to cleave the hyfcxridized fragments at the misnvrtched base pair, or to renrxive at least a part of one strand of 
the fragments hybridized from the mi s m a tched base pair. As examples of the sutistanoe specifically recognizing and 
deaving the mismatched base pair, for example, nudeases and the like can t>e mentfoned. As the nudeases. Mung 

ss bean nuclease, 81 nudease, RNase I and the like can be exemplified. 

[0044] In the detection of mismatched base pairs, the substance used tor the detection must k)e suitably selected 
depending on the kind off the mismatched base pairs to be detected. Fbr example, the atorementfoned Mut S and C/C 
mismatch t>inding proteins readily detect mismatched k>a8e pairs such as pdnt mutations, but often do not bind to dele- 
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tions and insertions, and hence overlook them. Further, as described above, detection sensitivity of the misnfiatch bind- 
ing proteins for point mutations may also vary d^ending on the kind of mismatched base pairs. For example, Mut S 
readily detects QfV mismatches, Q^A mismatches and the like, but has weak binding affini^ particularly for CiC mis- 
matches. On the other hand, the C7C mismatch binding proteins have strong binding affinity for C/C m ismatc h es, and 

5 readily detect them, but they are likely to overlook G/T mismatches or G/A mismatches. 

[0045] Therefore, In the second detection method of the present invention, a nrismatched base pair occuiring 
between the hybridized fragments is treated with a sut>stance specifically recognizing and cleaving the mismatched 
base pair to deave the hytxidized fragments at the mismatched base pair in the step (D), and the fragments remained 
on the substrate after the cleavage or the removal are labeled in the step (E). The labeling after the cleavage or the 

10 removal tiy using an enzyme for deaving mismatched base pairs such as Mung bean nudease, SI nudease, and 
RNase I affords advantage that even mtematched base pairs due to deletion, insertion and the Oke induding single base 
mismatches can be detected. 

Slep(E) 

IS 

[0046] In the step off the second detection method of the present Invention, the fragments remained on the sub- 
strate after the deavage or removal in the step (D) are labeled. The labeling of the fragments in the step (F) can t>e per- 
formed by. for example, an enzyme reaction using a lak>eled sut^strate. The enzyme reaction may be pdymerase 
reaction, kination reaction, ligation reaction, 3' end addition reaction or the like. When the 3* end addition reaction is 
20 used as the enzyme reaction, the 3* ends of the fragments fixed on the sutistrate are preferably blocked before the f ix- 
atfon on the substrate, before or after the hytsridization, or before attaching the label in order to selectively introduce tiie 
label by the 3' addition reaction into only the fragments which have t>een subjected to deavage or removal. The akxyve 
blocking can be performed by, for example, introdudng dideoxynudeotides into the encte using terminal transferase or 
the like. 

2s [0047] The label substance of the substrate used for tiie enzyme reaction may be, for example, one kind of sub- 
stance selected from the group consisting of luminescent substances, fluorescent sut)stances, phosphorescent 8ut>- 
stances. stat)le isotopes, radioactive substances, antfoodies. antigens, enzymes and proteins. Specific examples 
thereof are substances similar to those mentioned in the explanation of the sut>stance specifically birxling to mis- 
matched base pairs. 

30 

Step(F) 

[0048] In the step (F) of the secorKi detection method of the present invention, the labeled fragments are identified 
by detecting the labd. The method for detecting the label can be suitably selected depending on the kind of the label. 
3S and specif fo examples thereof are similar to those explained for the step (C) of the first detection method of the present 
invention. 

[0049] In tiie second detection method of the present invention, the fragments in wftich mismatohed base pairs are 
produced can be Mentified by detecting the label attached in the step (E). 

[0050] Furthermore, in the second detection method of the present invention, the klentif ication as well as quantif I- 
40 cation of the fragment having a mismalched base pair can k>e simultaneously performed by introdudng a tabel also into 
the nudefo acid and/br PNA fragment to be assayed for mutations, and detecting the \tibe\ of the nucleic add and/or 
PNA fragment to be assayed for mutations. 

[0051] The lak)ei for the nudeic add and/or PNA fragment to be assayed for mutations may be, for example, one 
kind of substance selected from the group consisting of luminescent substances, fluorescent substances, phosphores- 
45 cent substances, stable isotopes, radioactive sut)stances, antibodies, antigens, enzymes and proteins. Specific exam- 
ples thereof are sut)Stances similar to those mentioned in the explanation of the sutistanoe specifically binding to 
mismatched base pairs. 

[0052] Furthermore, the quantification and kJentif ication of the fragment having a mismatched base pair can be 
simultaneously performed by using a substance that produces a signal cfifferent from that produced by the label 

so attached to the fragments in the step (E) as the label introduced into tiie nudeic acid and/or PNA fragment to be 
assayed for rrutations. That is, the ratio of the molecules having mismatohed base pairs contained in the hybridized 
fragments can be calculated from the result of detennination of expression level of the nudeic add and/or PNA frag- 
ment to be assayed for mutations and the results of the identification and quantification of the fragments having a mis- 
matched base pair, that can be obtained simultaneously More specifically, intensity of signal (e.g., fight emission 

SB intensity) obtained from the label introduced into the nudeic add and/or PNA fragment to t>e assayed for mutations, and 
intensity off signal (e.g., light emissfon intensity) obtained from tiie label attached to the fragmente in the step (E) can 
be measured, and compared with preliminarily determined calibration curves respectively to determine the esqxession 
level of the nudeic add to be assayed for mutations when it is a gene and the ratio of the fragments having a mis- 
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matched base pair. 

[0053] According to the present invention, there can be provided methods capable of simultaneously detecting 
structural mutations of a pluraiity of genes, in particular, novel methods capable of detecting structural mutations while 
simultaneously monitoring expression levels of the genes, utilizing accumulating genome information, and resources of 
genomic dones. Furthermore, according to the method of the present invention, because it is possible to simultane- 
ously monitor expression levels of the genes and detect their structural nutations (base substitution), it can be quickly 
determined in which genes the stnictural mutations (nucleotide substitutions) occur using Known genome Informa- 
tion. 

[0054] The present invention also provides a labeled substance specifically bindable to mismatched base pairs, 
and articles comprising a substrate having a surface on which RNA fragments or PNA fragments arefb^ in a hybrid- 
Izable condition, which are useful for the aforementioned method. 

[0055] The method of the present invention has the advantage that information of expression frequency and infor- 
mation of mismatched base pairs due to polymorphism or mutations can be obtained on the same substrate. 
[0056] Moreover, by utilizing the method of the present invention, linkage analysis can be performed for family anal- 
ysis of organisms by the detection of mismatched base pairs (polymorphisms) present in a plurality of genes derived 
from a plurality of individuals. It also enables searching of a gene sequence responsible for a phenotype by identifying 
a gene sequence having the largest number of mismatched base pairs through detection of misnurtched base pairs for 
a mixture of a plurality of genes derived from a plurality of individuate commonly exhblting the same phenotype. 



20 Exanples 

[0057] The present invention will be explained more in detail with reference to the following examples. 



25 
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Example 1 

[0058] DNA to be fixed was prepared from TSHp plasmid (Hayashizaki. Y. et al. FEBS Lett 188 (1 985) 394-400) 
That is. 10 |ig of a plasmid vector. pBluescriptll having human TSHp cDNA inserted into the ck)ning site. Sstl. NotI, 
digested with Sstl and NotI, fractionated by agarose gel electrophoresis and purified to afford 1 pg of TSHp cDNA. 
[0059] Amino group was introduced into the 3' end of thte TSHp cDNA as foUcws. 





TSHp DNA 


1M 


35 


2',3'-dideaxy-5-(3-aminopr<^)yn-1 -yO-UTP 


0.5 M (Final concentration) 




Terminal Deoxynucieotidyl Transferase (TOVOBO, Japan) 


50 units 




10 X Reaction buffer ODYOBO. Japan) 


5|U 



40 



45 



SO 
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[0060] A mixture having the akx3ve composition in a reaction volume of 50 ^ was incut)ated at SVC for 60 minutes. 
[0061] After tiie reaction, tiie reaction mixture was treated with phenol, and suksjected to ethand precipitation to 
afford 0.5 [ig of 3* end aminated TSH p cDNA. 

[0062] Then. 0.5 |ig of the 3* end aminated TSHp cDNA and sucdrac anhydride at a final concentration of 5% were 
allowed to react in a volume of 10 |iJ to form DNA to which 3' end was introduced with carboxyl group. This solution was 
mixed and immediately used for ligation reaction to a substrate explained hereinafter. 

[0063] The substrate was made from a slide glass. A slide glass was treated with 100% trifluoroaoetate at room 
temperature for one hour, dried, and treated by immersion in 2% APTES (aminopropyltriethoxysilane. Kanto l^gaku) 
solution (water »cetone « 50 :50) at room temperature for one day. The glass was washed three times with acetone and 
once wtth acetonitrile to aflbrd an aminated sObstrate. 

[0064] TSHp DNA with the cartxsxylated 3' end was fixed on the aminated substrate as follows. That is, the TSHp 
DNA with carboocylated 3' end was mixed with caitxxliimide at a final concentration of 5%. and 1 )tl of the mixture was 
dotted on the aminated substrate. The sut>strate was then incubated at 50*'C for 6 hours, and washed witii washing 
solution 1 (10 mM Tris-Q [pH 8.0]. 1 ml^ EDTA. 0.1% SDS). 0.1N NaOH, and washing solution 2 (10 mM Tris-CI |pH 
8.0]. 1 mM EDTA), successively Thus, single-stranded DNA fixed on the substrate was obtained. 

Example 2 



10065] Construction of Mut S^FP fusion protein expression plasmid is shown in Figure 1 . 
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[0066] Rrst. Mut S gene (Schiensog. V. and Boeck. A.. J. Bacterbl. 173. 7414-7415 (1991)) of E. coli DH5 a 
(Lifetech Oriental, USA) was amplified by PGR. A prinner. tig gta etc gag atg agt gca ala gaa aat itc gac. wtiich had 
modified in sequence around the initiaAlon oodon and introduced with Xhol site, was used as the upstream primer, and 
a primer, cga ogt tgt cga cac cag get ctt caa geg ata aat. which had been modified to have AocI site, was used as the 
5 downstream primer. The amplified DNA fragment was digested with Xhol and AccI, and ligated to pEQFP-NI 
(CLONETECH. U.8.A.) to afford Mut S-QFP, which was then introduced into DH10B (UIMech Oriental, U.&A.), and 
multiplied. 

[0067] The Mut S-GFP collected from DH10 a was digested with NotI and Xhol (Nippon Gene, Japan), and ligated 
to pThioHisB (invitrogen. Netheriands) at the Notl-Xhol site to construct HP-Thio-Mut S-QFR 

10 [0068] This was introduced into a host, E. coli TOPIC (Invitrogen, Netheriands), and cultured at 25*^0 in L£ culture 
medium. Expression of the fusion protein was Induced by addition of IPTQ. After the cultivatton, the ceils were collected. 
The cells were disrupted by sonication. and centrif uged at 1 0000 g to obtain a si^ernatant as a soluble fraction. 
[0069] This solutrie fraction was analyzed tjy Westem blotting using an anti-thioredoxin antitxxJy, and it was con- 
firmed that a sufficient amount of the fusion protein was expressed. 

IS [0070] The obtained soluble fraction was purified by using a ProBond column (Invitrogen, Netherlands) according 
to the manutacturer^ protocol, and the purified product was treated with enterokinase to cut out the HP thioredoxin por- 
tion and the Mut S-GFP portion. These were subjected to SDS electrophoresis, and a band of 130 KDa was excised. 
The product was renatured to obtain Mut S-GFP fusion protein. 

20 Examples 

[0071] The DNA chip made in Example 1 was treated with a solution of 70 mM succinic anhydride. 0.1 M boric add. 
pH 8.0, 35% 1-m6thyl-2-pyrrolidinone in order to eliminate non-specific hyt>ridization. 0.1 |ig of TSHp double-stranded 
cDNA (H^shizaki. Y. et al. FEBS Lett. 188 (1985) 394-400) labeled with ^P was dissolved in 1 1 ^1 of 3.5 x SSC con- 

2S taining 4 |ig of poly(dA) (Sigma, U.S.A.). 2.5 iig of E. coli tRNA (Sigma, U.S.A.). 4 |i g mouse CotI DNA (Ufetech Orien- 
tal, U.8A), and 0.3 |i4 of 10% SDS. boiled for two minutes, and cooled at room temperature. Hybridization was 
performed in a warm water bath at 62''C for 14 hours. After the hybridization, the chip was washed with 2 x SSC. 0.2% 
SDS for five minutes, and with 0.2 x SSC for one minute. This chip was reacted with 1 nmd of the Mut S-GFP fusion 
protein produced in Example 2 in 0.02 M KPO4, pH 7.4. 0.05 M KCI. 0.1 mM EDTA. 1 mM dithiothreitol. and 0.01% BSA 

30 by incubation at 37«C for one hour, the chip was washed with a solution containing 0.02 M KPO4, pH 7.4. 0.05 M KG. 

0. 1 mM EDTA, 1 mM dithiothreitol. and 0.01% BSA, and observed under a fiuorescence microscope to determine 
whether the Mut S-GFP fusion protein had been bound to the chip. Then, autoradiography of the DNA chip was 
obtained to determine whether the labeled cDNA had been hybridized. The results are shown in Figure 2. 

ss Ctalms 

1 . A method for detecting a nucleic add fragment and^ PNA fragment having a mutation, which comprises 

(A) a step of hybridizing at least one fragment among one or more fragments fixed on a substrate, which frag- 
40 ments are selected from the group consisting of one or more nudeic acid fragments and one or more PNA frag- 
ments, with at least one fragment of which mutation is to be assayed, which fragment is selected from the 
group consisting of one or more nudeic add fragments and one or more PNA fragments; 

(B) a step of binding a labeled substance, which is a substance spedficaily binding to a mismatched base pair, 
to a mismatched base pair occurring between the hybricfized fifagments; and 

45 (C) a step of identifying a fragment bound the substance l^y detecting the label. 

2. The method of daim 1 , wherein the substance spedricaily binding to a misma tched base pair is a mismatch binding 
protein. 

so 3. The method of daim 2, wherein the mismalch binding protein is Mut S proten or analogue thereof, or a C/G mis- 
match binding protein. 

4. The method of any one of daims 1-3, wherein the substance specifically binding to a mismatched base pair is 
liMed with at least one kind of substance selected from the group consisting of luminescent proteins, phospho- 

55 rescent proteins, fluorescent proteins, luminescent substances, fluorescent sut>stances, phosphorescent sub- 
stances, racfioactrve substances, stable isotopes, antibodies, antigens, enzymes and proteins. 

5. The method of any one of daims 1-3, wherein the substance specifically binding to a mismatched base pair is 
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Iabel8d vyiih QFP (Green Ruoresoenoe Protein). 

6. The method of any one of daime 1 -5. \»fherein tdentif tcation and quantKication of the fragment having a misnntc^ed 
base pair are performed by introducing a label into a nucleic add and/or PNA fragment to be assayed for mutaftioris, 

5 and detectir^ the label of the nudesc add and/br PNA fragment to be assayed for mutations. 

7. The method of daim 6, vvherdn the label introduced Into the nudeic add and/or PNA fragment to be assayed for 
mutations produce a signal diffisrent from that produced by the label attached to the substance ^edf ically binding 
to a misnatched base pair, and quanltif icatfon and identification of the fragment having a nrtismatched base pair are 

10 simultaneously performed. 

8. The method of daim 6 or 7, wherein the nudeic add and/or PNA to be assayed for mutations is labeled ^»nth at least 
one fidnd of substance selected from the group consisting of luminment substances, fluorescent substances, 
phoQ)horescent substances, stable isotopes, radioactive substances, antibodies, antigens, enzymes and proteins. 

16 

9. A method for detecting a nudeic add fragment and/or PIS!A fragment having a mutation, which comprises 

(A) a step of hytjridlzing at least one fragment anrtong one or more fragments fixed on a substrate, which frag- 
ments are selected from the group consisting of one or more nudeic actd fragments and one or more PNA f rag- 
20 ntents, with at least one fragment of which mutation is to be assayed, which fragment is selected from the 

group consisting of one or ntore nudeic acid fragments and one or more PNA fragm&its; 

(D) a step of treating a mismatched base pair occurring between the hytiridized fragments with a sut>stance 
specifically recognizing and deaving the mismatched base pair to cut the hybridized fragments at tiie nrtis- 
notched base pair, or to remove at least a part of one strand of the fiiragments hybrisSzed from the misnrmtched 

25 base pair; 

(E) a step of labeling a fragment remained on the substrate after the deavage or the removal; and 
(1=) a step of identifying the labeled fragment by detecting tiie lak>el. 

1 0. The method of daim 9, wherein 3* ends of flie fragments fixed on tiie substrate are blocksd. and the labeling of the 
30 fragment m step(E) Is performed by 3* end addition reaction. 

11. The nrtethod of daim 9 orlO. wherein tiie substance ^edfically recognizing and deaving the mismatched base 
pair is a nudease. 

35 12. The mettiod of daim 1 1 , wherein the nudease is SI nuclease, Mung bean nud«ee or RNase H. 

13, The method of any one of dains 9-12, wherein tiie laK>efing of tiie fragment in the step (E) is perfbmned by an 
enzyme motion utilizing a labeled ajbstrate. 

40 14. The method of daim 13, wherein tiie enzyme reaction is polymerase reaction, ^nation r^iction, ligation reaction. 

or 3* end addition reaction. 

15. The method of daim 13 or 14. wherein the substrate is labeled with at least one kind of substance selected from 
the group oondsting of luminescent substances, fluorescent substances, phosphor^oent substances, slaUe iso- 

45 topes, racfioactive ajbstances, antibodies, antigens, enzymes and proteins. 

16. The method of any one of daims 9-15, wherein detection and quantification of the fragment having a misnrntdied 
base pair are performed by introducing a label into a nucleic add and/br PNA fragment to be assi^ed for mutations, 
and detectir^ the label of the nuddc add and/br PNA fragment to be as^yed fbr mutations. 

so 

17. The method of daim 16, wherein the label introduced into the nudeic ackJ and/or PNA fragment to be assayed fbr 
mutations produce a signal diff^ent firom that produced by the label attached to the fragment in the step (E) , and 
quantification and Identification of the fragment having a mianatched base pair are simultaneously performed. 

£9 18. The method of daim 16 or 17, wherein the nudeic add and/or PNA to be assayed fbr mutations is labeled with at 
least one kind of substance selected from the group consisting of luminescent substances, fluorescent substance, 
phosphorescent substances, stable isotopes, radioactive substances, antibodies, antigens, enzymes and proteins. 
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19. The method of any one of claims 1-18. wherein the fragments of nucleic add or Pf^ fixed on the eubetrate are 
tx)und to the substrate only at their 5' or 3' end. 

20. The method of any one of claims 1 -1 9. wherein the fragments of nucleic acid or PNA fixed on the subetrate are fixed 
on the substrate by covalertt bonds. 

21 . The method of any one of claims 1 -20. wherein the fragments of nucleic acid or PNA fixed on the substrate are frag- 
ments having a cDMA sequence. 

22. The method of any one of claims 1-21 , wherein the fragments of nucleic acid or PNA fixed on the substrate have a 
part or all of cDNA sequence of full length gene. 

23. A substance specifically bindable to a mismatched base pair characterized in that it is labeled. 

24. The substance of claim 23, wherein the substance specifically bindable to a mismatched base pair is a mismatch 
binding protein. 

25. The sii)stance of claim 24, wherein the mismatch birvling protein is Mut S protein or analogue thereof, or a C/C 
mismatch binding protein. 

26. The substance of any one of claims 23-25, wherein the label is GFP (Green Ruorescence Protein). 

27. The substance of any one of claims 21-26, wherein the lat>el is at least one kind of 8ut>stance selected from the 
group consisting of luminescent proteins, phosphorescent proteins, fluorescent proteins, lurranescent substances, 
fluorescent substances, phosphorescent substances, stable isotopes, radioactive substances, antibodies, anti- 
gens, enzymes and proteins. 

28. An article comprising a substrate having a surface on which one or more kinds of RN A fragments or PNA fragments 
are fixed in a hybridizable condition. 

29. The article of daim 28, wherein the RNA fragments or PNA fragments fixed on the substrate are bound to the sut>- 
strateonlyattheir5*or3' ends. 

30. The artide of daim 28 or 29, wherein the RNA fragments or PNA fragments fixed on the substrate are fixed to the 
sut)strate by covalent bonds. 
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